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SYNOPSIS
The thesis entitled “Synthetic approaches for pyran containing bioactive natural
products: Spirastrellolide B, Passifloricins, Aculeatins and 6-Epiprelactone-V” has been
divided into five chapters.
CHAPTER-I : Chapter I describes a brief introduction to pyran containing bioactive
natural products.
CHAPTER-II : Chapter II describes the “Synthetic studies towards the Spirastrellolide
B”.
CHAPTER-III : Chapter III describes the “Asymmetric synthesis of (+)-Passifloricin A
and its 6-epimer”.
CHAPTER-IV : Chapter IV describes the “Total synthesis of Aculeatins A and B”.
CHAPTER-V : Chapter V describes the “Total synthesis of 6-Epiprelactone-V”.
CHAPTER I
This Chapter describes the introduction to “Pyran containing bioactive natural
products”.
CHAPTER II
This chapter describes the “Synthetic studies towards the Spirastrellolide B”.
Spirastrellolide A and B are two closely related polyketides that were isolated by Anderson
and coworkers from the marine sponge Spirastrella coccinea. The key elements of the structure
of spirastrellolide A (1) were first disclosed in 2003 and were followed by a report describing a
structure revision and the inhibition of protein phosphatase PP2A (IC50 = 1 nM for PP2A and 50
nM for PP1). Subsequent cleavage of the Δ40,41 olefin and derivitization of spirastrellolide B (2)
produced a compound suitable for X-ray analysis and revealed the complete relative and absolute
stereochemistry of the macrolide core. Recently, Anderson and coworkers have reported that the
C-46 alcohol is of (R)-configuration and also described the isolation of further congeners
(spirastrellolides C to G).
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Scheme 1: Retrosynthetic analysis of the spirastrellolides.
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The challenging architecture, in conjunction with the novel biological profile of
spirastrellolides, we disclose an effective construction of the C9-C25 southern fragment 5 of
spirastrellolide B. The retrosynthetic analysis of spirastrellolide is shown in scheme 1. From the
retrosynthetic perspective, disconnection of 2 at the macrocylic lactone and C25-C26 trans double
bond yield the two fragments 3 & 4. The target fragment 5 involves disconnection at the C8-C9
bond affording two subtargets 6 and 7 respectively. The subtarget 6 as represented obviously
was derived from D-glucose 8 whereas subtarget 7 was realized from commercially available
homoallyl alcohol 9. The BC spiroketal was constructed by selective deprotection of acetonide
and silylether using 0.8% H2SO4. The crucial reactions involved in the synthesis of the
individual fragments are Sharpless asymmetric dihydroxylartion, Jacobsen asymmetric
epoxidation, Sharpless asymmetric epoxidation, Barbier allylation and alkyne coupling.
Synthesis of subtarget 6
1,2-5,6-Di-O-isopropylidene-α-glucofuranose 10 was prepared from D-glucose 8 by well
documented procedure. Diacetone-D-glucose 10 was successively subjected to oxidation (PDC,
4 Ao MS, Ac2O, CH2Cl2) to 3-ulose followed by Wittig reaction with Ph3P=CH2 to give the exomethylene
derivative 11 in good yield. Catalytic hydrogenation of 11 afforded 3-C-methyl-3-
deoxy derivative 12 in 95% yield. The primary acetonide in 12 was selecetively deprotected in
the presence of 60% acetic acid to give diol 13 in 75% yield. This diol 13, on treatment with
NaIO4 followed by two-carbon homologation using ethoxycarbonylmethylene
triphenylphosphorane in benzene to furnish the (E)-α,β-unsaturated ester 14 in excellent yield
(Scheme 2).
Scheme 2
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The α,β-unsaturated ester 14 was exposed to the Sharpless asymmetric dihydroxylation using
ADmix-α to give diol 15 (92% yield) which was followed by the acetonide protection to give the
compound 16 in 96% yield. Reduction of the ester functionality in 16 was achieved with LiAlH4
to give the alcohol 17 in 98% yield. The alcohol was oxidized to the aldehyde followed by
Barbier allylation (Zn, allyl bromide, sat. NH4Cl) gave inseparable diastereomeric mixture
(80:20 by HPLC) of homoallyl alcohol 18 in 92% yields. The two diastereomers were separated
as their TBS-derivatives 19a and 19b (anti:syn = 80:20) using simple column chromatography
(Scheme 3).
Scheme 3
The major anti-TBS ether 19a was desilylated with TBAF to give alcohol 18a, which was
again protected as methyl ether 20 using MeI and sodium hydride in quantitative yield. The
hydroboration of the terminal olefin of methyl ether 20 was accomplished with 9-BBN to get the
alcohol 21 in 92% yield. The primary alcohol was further oxidized using IBX to realize the key
fragment 6 in 96% yield (Scheme 4).
Scheme 4
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Synthesis of subtarget 7
Synthesis of the chiral fragment 7 was started with the kinetic resolution of 2-
(benzyloxyethyl)oxirane 23 (obtained from 3-butenol 9 in two steps as shown scheme 5) using
(S,S’)-(-)-N-N’-bis(3,5-di-tert-butylsalicylidene)-1,2-cyclohexanediaminocobalt (II) to afford the
chiral epoxide 23a and diol 23b.
Scheme 5
Chiral epoxide 23a was subjected to Yamaguchi’s protocol with THP protected propargyl
alcohol to afford secondary alcohol 24 in 91% yield. The benzylation of alcohol in 24 was
realized using NaH as base and benzyl bromide which on further hydrolysis with p-TSA in
MeOH provided 25. The LiAlH4 reduction of propargyl alcohol to allyl alcohol 26 set the
platform of introducing two more chiral centers via Sharpless asymmetric epoxidation. Thus the
allyl alcohol 25 on treatment with (-)-DET, titanium(IV)isopropoxide and tert-butyl
hydroperoxide in dichloromethane in anhydrous conditions to yield epoxy alcohol 27 in 92%
yield (Scheme 6).
Scheme 6
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The regioselective opening of Sharpless epoxy alcohol 27 using Me2CuLi gave 1,3-diol 28 in
65% yield. 1,3-Diol was disilylated as 29 using TBDMSCl in dichloromethane and selective
primary desilylation was achieved successfully using catalytic p-TSA in methanol at 0 oC to give
primary alcohol 30 in 87% yield. The alcohol was oxidized to aldehyde in good yield using IBX
and the aldehyde was subjected to Corey-Fuchs protocol (CBr4, TPP) to afford the dibromo
olefin 31 in overall yield of 80% for two steps. The dibromo olefin was converted into alkyne 7
under Grignard reaction condition by treating of EtMgBr at 0 oC in 91% yield (Scheme 7).
Scheme 7
Synthesis of southern (C9-C25) region
Coupling of aldehyde 6 with 7 was achieved via alkyne lithiation using n-BuLi, followed by
addition of 6 to furnish the desired coupled products 32 as a diastereomeric mixture (1:1
epimeric mixture at C17) in 82% yield. The seconday alcohol 32 was further oxidized using
Dess-Martin periodinane gave alkynone 33 in 98% yield which is the common precursor of
spirastrellolides. Pd-CaCO3 catalyzed hydrogenation of 33 smoothly delivered the
corresponding saturated ketone 34 in 95% yield without any deprotection of benzyl ethers. The
crucial spiroacetalization reaction was achieved by the treatment of 0.8% H2SO4 in methanol led
to complete desilylation, and selective acetonide removal followed by the formation of a single
spiroacetal product 5 in 69% yield (Scheme 8). Slight amount of over hydrolysis products 35a
and 35b were noticed with the aid of mass spectrum during the reaction. The diol 35a can be
converted back to 5 in the presence of 2,2-DMP and CSA.
Scheme 8
In conclusion C9-C25 southern fragment of Spirastrellolide B was achieved starting from Dglucose.
The key steps involved in this synthesis are Sharpless asymmetric dihydroxylation,
Jacobsen asymmetric epoxidation, Sharpless asymmetric epoxidation, Barbier allylation and
alkyne coupling, spiroacetalization reactions.
CHAPTER-III
This chapter describes the “Asymmetric synthesis of (+)-passifloricin A and its 6-epimer”.
The δ-lactone ring is an important structural feature of a good number of natural products. A
few of these natural products also encompass non-polar lipophilic tail, which give these
compounds an amphiphilic nature. Passifloricin A is one such natural product isolated from
Passiflora foetida. This compound has shown interesting antiprotozoal and antifungal properties.
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Having a general interest in total synthesis of bioactives and in particular six membered
oxygen heterocycles using intra-molecular oxa-Michael reaction of Evans et al. and Grubbs
olefin metathesis as key steps, passifloricin A was chosen as a target. The retrosynthetic analysis
of this natural product based on this strategy is shown below in Scheme 1.
Scheme 1
Initially, the cobalt-based chiral salen complex mediated resolution of racemic epoxide 4a
was obtained in 95% yield from commercially available olefin 5. The racemic epoxide 4a was
efficiently resolved with Jacobsen catalyst A and the chiral oxirane 4 was recovered with high
enantiomeric excess and 45% yield.
Scheme 2
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The regioselective opening of epoxide 4 with allylmagnesium chloride resulted in alcohol 6 in
92% yield. Protection of the alcohol as MOM ether 7 was achieved using MOMCl and
diisopropylethylamine which followed cross metathesis reaction with ethyl acrylate in presence
of 2 mol% of Grubbs’ catalyst B (2nd generation) to realize the conjugated ester 8 in
quantitative yield (Scheme 2).
Reduction of the ester functionality in 8 was achieved with DIBAL-H at -15 oC to room
temperature to give 9 in 96% isolated yield. The stage was then set for introduction of the
stereogenic hydroxy functionality under Sharpless asymmetric epoxidation conditions using (+)-
DET to give chiral epoxy alcohol 10 in 85% isolated yield. The reductive opening of this
epoxide was achieved with Red-Al to realize the 1,3-diol. This diol 11, on selective oxidation in
the presence of bis(acetoxy)iodobenzene (BAIB) and 2,2,6,6-tetramethylpiperidine-N-oxide
(TEMPO), followed by exposure of the crude β-hydroxy aldehyde to ethoxycarbonylmethylene
triphenylphosphorane furnished δ-hydroxy-α,β-unsaturated ester 12 in 80% overall yield for the
two steps. This substrate has all the functionalities necessary to perform the tethered Evans’
intramolecular oxa-Michael syn-addition reaction which was executed easily using benzaldehyde
and potassium tert-butoxide at 0 oC in anhydrous THF to furnish benzylidene acetal 3 in 72%
isolated yield. The diastereoselectivity was greater than 95% favoring the more stable synisomer.
The ester group in 3 was reduced to aldehyde 13 using DIBAL-H at -78 oC in 90% yield
(Scheme 3).
Scheme 3
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The allylation on aldehyde 3 gave a diastereomeric mixture of 2a and 2b in variable yields
and ratios (Table 1). The chiral BINOL-mediated Maruoka allylation (Table 1, entry 4) was
most efficiently providing a syn-selectivity of 90% albeit with a low yield of product. Column
chromatography allowed us to separate the diastereomers 2a and 2b, which were independently
into (+)-passifloricin A (1a) (Scheme 5) and its 6-epimer 1b (Scheme 5a) respectively.
Scheme 4
Table 1. Metal catalyzed allylation of aldehyde 13
Synthesis of passifloricin A (1a)
Diastereomer 2a was subjected to acrylation with acrolyl chloride in the presence of
diisopropylethylamine to generate the diene ester 14a setting the stage for the Grubbs’ ringclosing
metathesis (RCM) reaction. The diene ester 14a in CH2Cl2 underwent a smooth
intramolecular metathesis reaction in the presence of 5 mol % of Grubbs’ catalyst C (1st
generation) to produce the α,β-unsaturated lactone 15a in 92% yield. Treatment of lactone 15a
with 4 N HCl in THF resulted in cleavage of the MOM-ether and benzylidene acetal to afford
passifloricin A (1a) in 89% yield.
13 2a 2b
aIsolated yield after column chromatography purification
bRatio based on the yields of both isomers after seperation by silica
gel chromatography
Entry Reagents and conditions Yielda (%) syn:antib
1 Allyl bromide, Mg, dry ether,
0 oC, 1 h.
2 Allyl bromide, Zn, THF/sat.NH4Cl
-15 oC, 1 h.
3 Allyl bromide, In, THF/H2O
-15 oC, 1 h.
4 Allyltri-n-butyltin, Ti(OiPr)4, TiCl4,
Ag2O, (R)-BINOL, CH2Cl2, 24 h
Scheme 5
Synthesis of 6-epi-passifloricin A (1b)
The other diastereomer 2b was also subjected to the same sequence of reactions to realize the
6-epimer 1b. The spectroscopic data of both compounds 1a and 1b were in full agreement with
those reported in the literature.
Scheme 5a
In conclusion, asymmetric total syntheses of (+)-passifloricin A and its 6-epimer have been
achieved using Jacobsen asymmetric epoxidation, Grubbs’ metathesis, an Evans’ intramolecular
oxa-Michael and a Maruoka allylation as key steps.
CHAPTER-IV
This chapter describes the “Total synthesis of Aculeatins A and B”.
The aculeatins A (1) and B (2) are two epimeric spiroacetals isolated from the terrestrial plant
species Amomum aculeatum Roxb. (fam. Zingiberaceae). These compounds were found to
 (C)
display antiprotozoal activity against some Plasmodium and Trypanosoma species. In addition,
they showed antibacterial activity and were cytotoxic against the KB cell line.
Present work
In continuation of strategies towards pyran-containing natural products has been culminated
in a practical synthesis of both aculeatins A and B in good yields (overall yield of about 15%).
Retrosynthesis revealed tetradecanal 6 and the known 4-benzyloxyphenyl acetylene 5 as starting
materials. (Scheme 1)
Scheme 1
Synthesis of Weinreb amide
The aldehyde 6 was subjected to an enantioselective Maruoka allylation using titanium
complex (S,S)-I and allyltri-n-butyltin to furnish the homoallylic alcohol 8 in 86% yield with
excellent an enantioselectivity of 98% ee (determined by chiral HPLC). A one-pot ozonolysis
followed by two-carbon homologation using ethoxycarbonylmethylene triphenylphosphorane
produced the δ-hydroxy-α,β-unsaturated ester 9, which is set up for the tethered intramoleclar
oxa-Michael reaction to install the second stereocenter. As anticipated, treatment of 9 with
benzaldehyde and potassium tert-butoxide at 0 0C in anhydrous THF furnished benzylidene
acetal 10 in good yield. The diastereoselectivity was greater than 95% favoring the more stable
syn-isomer. The conversion of the ester functionality in 10 to Weinreb amide 4 via acid 11 was
uneventful (Scheme 2).

Scheme 2
Synthesis of alkyne
4-Hydroxy benzaldehyde 7 was protected as benzyl ether 12 using BnBr and K2CO3 in 95%
yield. Aldehyde was subsequently treated with CBr4 and TPP to afford the dibromo olefin 13 in
87% yield. The dibromo olefin was converted into alkyne 5 under Grignard reaction condition
by treating with EtMgBr at 0 oC in 92% yield.
Scheme 3
Synthesis of aculeatins A and B
The addition of lithiated 4-benzyloxyphenyl acetylene 5 to Weinreb amide 4 furnished
alkynone 3. Catalytic hydrogenolysis of the benzylidene, benzyloxy and acetylene groups gave
14 (not isolated) and further treatment with phenyliodonium(III) bis(trifluoroacetate) (PIFA) in
acetone–H2O (9:1) yielded a mixture of aculeatins A (1) and B (2) in a ratio of 5:2, which were
separated by column chromatography (Scheme 4).
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Scheme 4
In conclusion, a stereo-controlled total synthesis of aculeatins A and B has been achieved in
eight steps and in 15% overall yield. The key feature of this synthetic approach is the application
of Maruoka allylation and tethered intramolecular oxa-Michael reaction.
CHAPTER-V
This chapter describes the “Total synthesis of 6-epiprelactone-V”.
Prelactones are examples of δ-lactones isolated from bafilomycin producing microorganisms
and other polyketide macrolide producing organisms. The structures of these compounds have
been assigned on the basis of the proposed biosynthesis of macrolides. Biologically, these
lactones exhibit properties such as ATpase inhibitor and antibacterial, antifungal and
immunosuppressive activities.
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In continuation of practical synthetic approaches towards the substituted pyran scaffold in
chiral form, a total synthesis of the non-natural enantiomer of prelactone, (-)-6-epiprelactone-V
(1) was achieved employing a highly chemo-regio- and stereoselective tandem ester reduction,
epoxide formation-reductive epoxide opening reaction protocol and a base catalyzed oxygen
tethered intramolecular Michael addition as key steps (Scheme 1). The highlight of the synthesis
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is the utilization of the chiral centre in commercially available (S)-malic acid 4 and creation of
the syn-1,3-diol functionality through an intramolecular Michael addition of a benzyloxy tether.
Scheme 1
Commercially available (S)-malic acid 4 was subjected to esterification using BF3.OEt2 in
methanol to give dimethyl malate 5 in 98% yield. Diester 5 was treated with LHMDS and
methyl iodide in THF at -78 oC to yield α-alkylated dimethyl malate 6 in good yield with high
diasteroselectivity (12:1). However, the diastereomers could not be separated by
chromatography. Tosylation of 6 gave a separable mixture of 7 and its syn-diastereoisomers in
90% yield. Treatment of the anti-isomer 7 with lithium aluminium hydride (6 equiv) in THF
afforded the desired diol 3 in 79% yield (Scheme 2).
Scheme 2
1,3-Diol 3 was disilylated using TBDMSCl in dichloromethane and selective primary
desilylation was achieved successfully using catalytic p-TSA in methanol at 0 oC to give primary
alcohol 9 in 75% yield. To install the requisite α,β-unsaturated ester for the subsequent base
catalyzed intramolecular oxygen tethered Michael reaction, the 10 alcohol group in 9 was
oxidized with IBX to the corresponding aldehyde, followed by two-carbon homologation using
ethoxycarbonylmethylene triphenylphosphorane in benzene to furnish the (E)-α,β-unsaturated
6-epiprelactone-V 1
syn:anti = 1:12
ester 10 in good yield. Deprotection of the hydroxyl group in 10 was achieved using p-TSA in
methanol to provide the key synthon 2 in high yield (Scheme 3).
Scheme 3
Alternatively, δ-hydroxy-α,β-unsaturated ester 2 was obtained by selective oxidation and
Wittig olefination of 3. Thus, diol 3 was selectively oxidized with IBX, followed by two-carbon
homologation with the stable Wittig ylide ethoxycarbonylmethylene triphenylphosphorane to
furnish 2 in 64% yield (Scheme 4).
Scheme 4
The δ-hydroxy-α,β-unsaturated ester 2 was subjected to a base catalyzed intramolecular
Michael addition using 1.1 equiv of benzaldehyde in the presence of 0.1 equiv of potassium tertbutoxide
at 0 oC in THF to furnish benzylidene acetal 11 in good yield. The diastereoselectivity
was greater than 95% favoring the more stable syn-isomer. Finally, hydrolysis of the benzylidene
acetal and cyclization were successfully achieved in one pot using catalytic conc. H2SO4 in
methanol to furnish the target molecule 1 in 95% yield (Scheme5).
Scheme 5
In conclusion, the intramolecular protective group assisted syn-1,3-diol synthesis has been
efficiently utilized in as synthesis of 6-epiprelactone-V starting from (S)-malic acid.


